In Alaska, unmanned aircraft systems (UAS) have garnered much attention, largely due to ongoing research at the University of Alaska Fairbanks (UAF). This research has focused on a multitude of civilian applications suitable for support by the technology. UAF has long held an advantage in this competitive research by virtue of its status as a non-profit research institution, a requirement for approval by the Federal Aviation Administration (FAA) to operate UAS. In addition, UAF has a long history in this field, managing airspace since the 1960's as part of its duties as the only university-operated rocket range in the world. These factors have led many commercial entities to partner with UAF to conduct UAS research over the years.
Introduction
Unmanned aircraft seem to be constantly in the news, and have found their way into almost all facets of life. While UAS have long played a significant role in the military and are key to counter-terrorism operations, they have also quickly gained traction in the civilian sector in recent years. Humorously, businesses have even used UAS in publicity stunts to deliver tacos, pizza, and beer. While the federal government currently has strict regulatory guidelines governing how UAS may be used, there have been special exceptions made for certain types of research, particularly in relatively uncrowded airspace environments such as Alaska. In coming years, UAS will see explosive growth in a range of civilian and commercial applications as the regulatory process becomes better defined and streamlined by the FAA.
The first UAS were developed by the military as targets for aerial gunnery practice in the Second World War. These drones were piloted from the ground with simple radio commands, such as left, right, ascend, and descend. Today the term 'drone' is still used for target practice aircraft, whereas 'unmanned aircraft system' is the normative term use by industry, particularly for civilian applications.
UAS are primarily used for tasks that are dull, dirty, dangerous, or difficult -what the industry calls the 4 D's. These are situations which are not well suited for manned aircraft. With very long and dangerous missions, military pilots can work comfortably in shifts-in some circumstances, thousands of miles away from where the UAS is actually flying-significantly decreasing risk of danger, managing mission complexity, and reducing logistics considerations for some missions. Civilian operations, such as inspecting critical infrastructure and environmental monitoring can realize the same advantages. In civilian operations, UAS can reduce operational risk due to operational safety considerations, accessing previously difficult locations for data collection, limiting disturbance in sensitive areas or animal populations, and generally providing a great degree of consistency and repeatability for flight profiles.
UAS maintain significant operational advantages over manned aircraft for some scenarios. They can often operate in difficult conditions, such as below low cloud decks that would prevent manned aircraft operations. They also can operate well in austere environments, far from the typical aviation infrastructure required of manned aircraft. Depending on the UAS design and mission application, they can be launched and recovered by ships at sea or dropped from balloons at very high altitudes. A new class of UAS called small unmanned aircraft systems (sUAS) are easily carried in a backpack or briefcase and can be quickly deployed. Micro UAS, approaching the size of insects, have been developed by the military for maintaining situation awareness in combat. An explosion of new commercial unmanned aircraft system activity is expected in the United States when the FAA releases the new standards in 2015. The Association for Unmanned Vehicle Systems International (AVUSI) estimates that as many as 10,000 unmanned aircraft could be flying in the national airspace within five years, creating up to 100,000 jobs and $13.7 billion for the U.S. economy. 2 Anticipating the economic impact of this growing market and the positive effects on UAS technology on Alaskan communities, the Alaska state legislature has appropriated $5 million to assist UAF in establishing the Alaska Center for UAS Integration (ACUASI). The "System" in UAS As previously noted, unmanned aircraft system is the preferred term for civilian and commercial use. But what exactly is the system to which this refers? And in what way is an unmanned aircraft system different from a target drone or hobbyist's model aircraft?
Fundamentally, a UAS aircraft is an aircraft that can be programmed to fly with significant autonomy, but it is not actually unmanned, or unpiloted to be more precise. Thus, the aircraft is equipped with electronic components, including an on-board computer serving as an autopilot navigation system with inputs from usually a global positioning system and the pilot's communication system. This allows the UAS to be programmed to follow a specific flight plan. The programming also includes emergency operations such as automated landing if communication with the pilot is lost, or attempting to reestablish communications by climbing in altitude. The Air Force has chosen to use the term Remotely Piloted Aircraft, or RPA, which more accurately describes what happens during normal operations. So, the term system encompasses much more than simply the aircraft and navigation computer. The supporting system of the complete UAS generally consists of a payload, telemetry/control links, a ground station, support equipment, and an operator. The payload, such as a camera, is usually capable of producing live streaming video via a telemetry link, though this may also be recorded on board for later playback. The telemetry link allows the data to be downloaded, and also enables the pilot to issue flight commands and perform evasive maneuvers if necessary. There is also a ground station consisting of the electronics needed to issue commands and communicate with the aircraft. In addition, there may be additional supporting equipment necessary for the aircraft launch and recovery, which could include an airfield, radar, and air traffic control infrastructure necessary for larger unmanned aircraft. The largest UASs, such as a Global Hawk or Predator/Reaper systems, even have a supporting manned aircraft to escort the aircraft during takeoff and landing.
Completing the system are the aircraft's human operators and other personnel involved in carrying out the mission-pilots and mission specialists who operate the aircraft's sensor payload and later process the data collected. Thus, the term system implies that there is considerable support involved in the operation of an unmanned aircraft system.
Regulatory Environment
Currently, the FAA prohibits commercial operations of unmanned aircraft within the national airspace system (NAS). This situation exists because of the overriding importance of aviation safety and the yet unknown interactions between manned and unmanned aircraft in the same airspace. Existing safety rules were developed in 1981 to advise hobbyists on how to safely operate their model aircraft. One of these rules specifies that model aircraft cannot be used for commercial applications.
In 2012, the Congressional authorization act for the FAA included many sections specific to UAS. 5 As early as 2015, the FAA is expected to release new rules governing how UAS can be safely integrated into the NAS for commercial purposes. Until that time, only nonprofit public agencies conducting research for the public good can apply for a special FAA waiver, called a Certificate of Authorization (CoA). For this reason, public universities find themselves positioned at the vanguard of UAS operational civilian research.
The CoA application process emphasizes flight safety. The FAA requires that unmanned aircraft systems, like manned aircraft, be airworthy-and because no type standards yet exist, only a public agency has the authority to determine airworthiness. The FAA also considers the aircraft's pilot essential to safe operations, which means training and certification with the UAS-but again, no standards tailored to UAS yet exist, so public agencies must either comply with civil rules or establish their own criteria & training to certify operators.
Although an unmanned aircraft is essentially a programmable flying robot, the trained pilot (often referred to as the operator) pilots the UAS according to visual flight rules termed see-and-avoid. The pilot monitors the aircraft's flight at all times and conducts safety procedures designed to ensure other aircraft are avoided at all times. Accordingly, the pilot is required to always remain within the line-of-sight (and less than 1 nautical mile) of the aircraft. Depending on the specific aircraft and mission involved, the FAA may require additional aircraft observers to assist the pilot in monitoring the airspace. The FAA can also require that the UAS pilot possess a commercial pilot's license (which incidentally requires a class 2 medical exam).
Most flights by small UAS are currently restricted to altitudes of less than 400 feet. All higher flights require a pilot's license. Flights beyond the line of sight require an instrumental rating and additional observers. Higher and longer flights also require a safety study defining alternative means of 'sensing and avoiding' other aircraft because the pilot is no longer able to 'see and avoid' other aircraft in the airspace, and for these missions, UAF deploys a radar to monitor regional air traffic.
The CoA also specifies emergency procedures to be followed in the event that telemetry controls are lost. Depending on the UAS and its mission, the CoA may state that the aircraft is to be programmed to automatically land at its current location, return to a pre-determined rally point, or fly the remainder of its programmed mission and then land. These automated landing rules depend on a number of factors, including: the type of aircraft (fixed-wing or helicopter) and size, whether the unmanned aircraft is operating over land or water, or is near to population centers or other sensitive locations. Thus the CoA is very specific to the UAS type, mission, and operational environment.
As part of the Modernization and Reform Act, the FAA is evaluating partnerships to assist in the operational research needed to understand the safety issues for a variety of missions. To assist in this process, the agency is creating six flight test ranges in collaboration with NASA and the Department of Defense. The FAA has received 25 proposals from 24 states vying for these potentially economically important research sites. The Act also created a special, closely monitored Arctic test site that is slowly entering operation, in the Chukchi Sea off the northwestern coast of Alaska.
In addition, the FAA has issued its first commercial restricted category-type certificates to ConocoPhillips operating in the Chukchi Sea. The certificates are for two types of unmanned aircraft systems: the 55-pound Boeing ScanEagle and the smaller, 13-pound AeroVironment Puma. The catapult-launched ScanEagle has a long, 20-hour operational endurance and will be used to monitor sea ice that could interfere with oil exploration. The hand-launched Puma is designed for opportunistic use with relatively little set up time, but has a limited in flight time and its operation is limited to satisfactory aviation conditions.
Evolving Issues
A variety of operational and legal issues remain to be resolved so that unmanned aircraft can be safely integrated with manned aircraft in the national airspace. As is the case with all revolutionary technologies, governing laws and regulations are generally challenged to keep up with the technology's potential applications-the intended benefits and associated risks, as well as the possibility for misuse by those that would do so. In this regard, unmanned aircraft have already changed the way we think about safety with unmanned aircraft operating in close proximity to manned aircraft, both in our airspace and at air terminals.
A significant technological challenge being researched is how to make both manned and unmanned aircraft "self-aware." This sense-and-avoid (SAA) technology would allow the UAS to robotically perform collision avoidance procedures to prevent possible mid-air collisions. This research is underway and is expected to take a decade at a cost of more than $1 billion.
6 SAA technology will be required for longer commercial missions that extend beyond the pilot's visual line of sight.
While the potential safety risks associated with operating unmanned aircraft initially took front stage, issues of personal privacy are now at the fore. 7 These objections will not ultimately derail the introduction of UAS into civilian airspace, but it is important that they be addressed. The public should understand exactly what drone technology means for them, and the legal issues surrounding these systems should be explored so that privacy is respected for individuals as well as corporations.
Some of these privacy concerns originated from public safety applications of UAS. Police forces across the nation have begun to employ small UAS for tactical and surveillance purposes. Unmanned aircraft can be a boon to police: for example, a police team can use a camera-equipped rotary-winged drone to find a concealed gunman, locate hostages, or follow a fleeing suspect. The public has expressed alarm, however, that law enforcement could be watching an individual at home, where there is a legal expectation of privacy, especially when the monitoring is conducted without a warrant.
Another privacy concern is airborne spying by neighbors with recreational unmanned aircraft. Hobbyists could hover outside a window and peer inside like a Peeping Tom. Although there are existing laws protecting citizens from peepers on the ground, these laws appear vague on certain questions. For example, is surveillance legal if the unmanned aircraft remains over the property of the pilot? And how low can unmanned aircraft legally fly?
In fact, trespass laws were originally defined such that landowners had rights to their airspace extending "to the heavens." However, airspace rights are now defined as that airspace above their land that landowners could reasonably expect to use. Thus, unmanned aircraft and their pilots now have to be careful and not operate the aircraft too close to private propertythough what that exactly means is not legally clear in all cases and could be anywhere from 80 to 500 feet, depending on the specific circumstances. This is the major entanglement of unmanned aircraft systems with issues of property rights and privacy.
Lawmakers have been sensitive to these concerns. Many states have passed laws that would require police to obtain a warrant before deploying unmanned aircraft systems, even for a search-and-rescue mission. A highly restrictive bill proposed in the New Hampshire House of Representatives would prohibit anyone from using an unmanned aircraft to take photos of an individual's property. 8 The State of Virginia went even further by banning civilian drones for the next two years and six other states have adopted restrictive legislation. Citizens' privacy concerns about the operation of unmanned aircraft systems are real, and there should be laws protecting individuals from unwanted snooping. However, heavy-handed measures threaten to quash the many positive and unobtrusive applications for unmanned aircraft. UAS operators should be aware of the legal status of data collected by unmanned aircraft systems and should work toward implementing laws that would allow aerial imaging for legal purposes.
Alaska Civil Research
The University of Alaska Fairbanks has long been a leader in the use of UAS technologies for a wide variety of civil applications. In part, this is because of UAF's track record and decades of experience in managing its airspace during rocket launches as the only university-operated rocket range in the world. During the launch and recovery of sounding rockets that are used in atmospheric research, the airspace from Fairbanks to the North Pole must be closely controlled. In addition, launch activities must be closely coordinated with the outlying communities in the Alaska bush, as well as rural activities such as hunting.
Nearly all of these activities have been in partnership with civil organizations sponsoring the research. This has allowed private companies, including Alaska Native Corporations, to partner with UAF to advance their research interests. Various types of agreements have been created that not only provide financial support for civil research, but also result in valuable industrial collaboration. Examples include partnering with oil companies to monitor pipeline infrastructure, working with biologists to survey all manner of arctic sea and land life (such as seals, sea lions, and polar bears), surveying archaeological sites, monitoring wildfires, and assisting Alaska native villages with property surveys.
As a nonprofit public research entity, UAF enjoys an advantage over private universities (which operate for profit) in securing the FAA CoA. A requirement of the CoA is that the sponsored UAS operations must be deemed as providing research for the public good. This definition includes basic and applied research, including for civil applications, provided the effort is not conducted as part of a commercial activity by either the university or its civil partner.
Alaskan Case Study
An excellent example is the count of Steller sea lions in the Aleutian Islands. This project was sponsored by the North Pacific Research Board, which was created to understand the impact of commercial fishing in the Aleutian Islands. Concern has been voiced that overfishing has contributed to the decline of Steller sea lions, whose numbers have dropped from 250,000 in the 1970's to 45,000 in 2008. Supporting this research were ancillary research programs sponsored by commercial fishing companies whose access to the fishing grounds had been curtailed while scientists studied the issue.
In the summer of 2011, a test of a fixed wing UAS was conducted near Dutch Harbor in the Aleutians. Aboard an idle commercial fishing ship, the UAF research team was able to characterize the flight performance qualities of the AeroVironment Puma, its electro-optical cameras, and the ground control station. Of particular significance was the demonstrated capability for the Puma's launch and recovery. The Puma is hand launched into a head wind in order to maximize the aircraft's climb-out ability. The Puma's battery allows a 90-minute flight, operating within a visual range of the ship for communications and control. At the conclusion of the flight, the marinized Puma then flies back to the ship, enters a deep stall, and splashes into the sea. There the floating aircraft is recovered by hand from a skiff and returned to the ship to be readied for the next mission-a process which mostly consists of a bath in fresh water and recharging the battery.
The quiet operation of the Puma was an important lesson learned. During prior manned aircraft surveys, the aircraft had to maintain a minimum altitude of 500 feet to ensure the Steller sea lion would not be disturbed, which is illegal. If frightened, the animals flush from their rest on a haulout into the sea, at which point the images collected do not provide an accurate count of the animals. As was demonstrated, the Puma's noise signature is insignificant compared to that of the ambient sounds of the wind and waves, enabling it to fly much closer to the animals and collect detailed images for the biologists. This lesson that the UAS does not disturb the animals, now adds up to Five Ds where UAS are operationally superior to manned aircraft. While the imagery collected in the low-resolution infrared sensor proved capable for scouting haulouts for the Steller sea lion, and the color images are adequate for counting the animals, their age and sex were generally not discernable. For this application, a UAS with a higher-resolution imager would be needed. Another lesson learned was that a UAS capable of hovering would be able to provide biologists with extended opportunities to observe them. A limitation of the Puma's fixedwing design makes flights subject to the wind conditions of the Aleutians, where high and gusty winds frequently challenge the aircraft's flight envelope, significantly reducing its effectiveness or canceling flight operations.
The UAS selected for the next Steller sea lion survey in the early spring of 2012 was a quad-rotor manufactured by Aeryon. The quad-rotor helicopter was tested in rain and snow, as well as in high winds, where it performed well. The Aeryon Scout is capable of vertical takeoff and landing, making it a very flexible system for operating from a ship at sea, even in relatively high waves and strong winds. The Scout is able to carry a small camera payload for a flight time of about 20 minutes and hover while imaging the sea lions.
The camera on the UAS was able to provide real-time streaming video of the beaches so they could be scouted for resting sea lions. It then collected high-resolution images so the biologists could count and classify the sea lions by age and sex. In fact, the images proved good enough to read the brands marking the animals, allowing biologists to track the animals' Pacific migrations.
The next figure shows separate images collected with the Aeryon Scout and the resulting mosaic. The blue squares represent the 37 locations at which each image was collected by the quad-copter. The overlap in the images can generate a threedimensional model of the ground and sea lions. The three-dimensional model is then draped with the original images to render a single three-dimensional mosaic. Note the resting sea lions and the snow on the beach. It was demonstrated that either UAS could readily augment, or in some cases, potentially even replace the manned aircraft surveys traditionally performed. These surveys have been conducted by a manned aircraft with a crew of four and specialized mapping camera. These manned missions have historically been difficult due to adverse weather conditions, with high winds, low cloud decks, and frequent fog. The significant distances between airfields in the Aleutians compounds the mission complexity. This limitation has resulted in known haulouts and rookeries not surveyed from year to year, hampering the science behind the decline of the Steller sea lion.
These two research projects supported by UAF have allowed collaborators to compile valuable experience with the performance characteristics of various aircraft, sensors, and support equipment, as well as honing launch and recovery operations from a ship at sea. They also demonstrated the ability of mission planning procedures to identify critical end-user data needs and translate them into operational mission requirements. The end result: marine mammal biologists captured data vital in understanding the animals' health and behavior patterns.
This research drew the interest of the Alaska Native Corporation located on the Pribilof Islands in the Bering Sea. The fur seals located in the Bering Sea use the Pribilof Islands for haulouts and rookeries. Like the Steller sea lion, fur seals are in decline, possibly due to overfishing, but scientific data has been lacking due to inadequate population counts. In 2000, the snow crab fishery collapsed-fisheries for the king crab are nearly closed, and the tanner crab fishery is completely closed. The scientific link between the crab fisheries, over harvesting of crab, and the health of the fur seal is poorly understood.
The population surveys for the fur seal have been the responsibility of the National Oceanographic and Atmospheric Administration (NOAA) and the surveys have been infrequent and incomplete. The Tanadgusix Native Corporation (TDX) located on the Pribilofs felt that understanding the fur seal is important not only for understanding the health of the crab industry, but also for the culture of the Aleuts who make the islands their home.
TDX wants to help develop this science, and a partnership with UAF is the approach being taken. This allows UAF to operate the system under a CoA. During this process, the Native Corporation is learning how to safely operate the UAS and to understand the science involved with counting marine mammals. This move postures TDX positively-pending a new favorable FAA regulatory environment in 2015, TDX could take over operations of the UAS to support the fur seal research.
TDX would also like to utilize their central location in the Bering Sea to provide a variety of future UAS operations. This includes monitoring sea ice, supporting crab fishing fleets, monitoring illegal fishing, and supporting the Coast Guard in search and rescue -all from the Pribilof Islands in the Bering Sea.
Conclusions
As with all technology, unmanned aircraft systems are experiencing rapid evolution. The remote sensing capabilities of unmanned aircraft systems will permit the collection of high-quality imagery with greater frequency and flexibility. Unmanned aircraft are not merely a supplement to current photogrammetry methods-they will likely change the ways in which commercial and research imaging is collected in the future.
Until the FAA releases the rules and regulations governing the commercial operation of UAS, it makes strong sense to partner with the University of Alaska Fairbanks to broker that research partnership.
